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(54) Head-up display and method for operating it

(57)  The invention relates to a head-up display (1)
comprising:

- at least three light sources (2.1, 2.2, 2.3), each one
arranged to emit light (L) with a basic colour different from
the basic colour of the other light sources (2.1, 2.2, 2.3),
- a digital micro mirror device (3) comprising an array of
micro mirrors, wherein the light (L) of the light sources
(2.1, 2.2, 2.3) is directed onto the digital micro mirror de-
vice (3),

- atleastone combiner (4) for displaying animage (l), and

]

- at least one control unit (5) for multiplexing the light
sources (2.1, 2.2, 2.3) so as to sequentially emit light (L)
thus creating a field-sequential colour system and for
controlling the digital micro mirror device (3) so as to se-
lectively rotate the micro mirrors between an on state,
where the light (L) from the light sources (2.1, 2.2, 2.3)
is reflected into an optical path (OP) towards the com-
biner (4), and an off state, where the light (L) is reflected
away from that optical path (OP). The invention also re-
lates to a method for operating the head-up display (1).
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Description

[0001] The invention relates to a head-up display and
to a method for operating the head-up display.

[0002] Head-up displays are devices which transpar-
ently display information into a view field of a user, basi-
cally without obscuring the scene within that view field
so that the user may remain focussed on that scene and
also acquire the displayed information. Head-up displays
may for example be used in vehicles or aircraft.

[0003] Conventional head-up displays may comprise
a thin film transistor (TFT) display, illuminated by a light
source, which may comprise high power LEDs.

[0004] WO 2006/013523 A2 discloses a projection
system including a light source, an imaging surface and
a saturable absorber between the light source and the
imaging surface. The projection system may be a scan-
ning projection system. In another embodiment the pro-
jection system may include a light valve such as a liquid
crystal panel.

[0005] WO 2008/075530 A1 discloses a head-up dis-
play device including a plurality of display means which
emit visible lights, which are reflected towards a user by
a combiner member, e.g. a wind shield, so as to form
virtual images. The head-up display device includes a
micro mirror device having a plurality of micro plane mir-
rors aligned in such a manner that each of the mirrors
can move. The micro mirror device controls the visible
lights emitted from the display means into a direction for
forming the display images by adjusting the angle of the
plane mirrors at a predetermined time interval or individ-
ually.

[0006] Itis an object of the presentinvention to provide
an improved head-up display and an improved method
for operating the head-up display.

[0007] The objectis achieved by a head-up display ac-
cording to claim 1 and by a method according to claim 15.
[0008] Preferred embodiments of the invention are giv-
en in the dependent claims.

[0009] According to the invention the head-up display
comprises:

- at least three light sources, each one arranged to
emit a basic colour different from the basic colour of
the other light sources,

- adigital micro mirror device comprising an array of
micro mirrors, wherein the light of the light sources
is directed onto the digital micro mirror device,

- atleast one combiner for displaying an image, and

- at least one control unit for multiplexing the light
sources so as to sequentially emit light thus creating
a field-sequential colour system and for controlling
the digital micro mirror device so as to selectively
rotate the micro mirrors between an on state, where
the light from the light sources is reflected into an
optical path towards the combiner, and an off state,
where the input light is reflected away from that op-
tical path.
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[0010] A method for operating a head-up display ac-
cording to the invention comprises:

- multiplexing at least three light sources, each one
arranged to emit a basic colour different from the
basic colour of the other light sources, so as to se-
quentially emit light onto a digital micro mirror device
(DMD) comprising an array of micro mirrors, thus
creating a field-sequential colour system,

- controlling the digital micro mirror device so as to
selectively rotate the micro mirrors between an on
state, where the light from the light sources is reflect-
ed into an optical path towards a combiner for dis-
playing an image, and an off state, where the input
light is reflected away from that optical path.

[0011] The light sources, e.g. LEDs are high speed
controlled and multiplexed so as to sequentially emit light
in order to sequentially display images in the respective
basic colour, e.g. red, green or blue, at such a rate that
the inertia of the human vision creates the impression of
a colour picture mixed by the three colours. This ap-
proach is referred to as a field-sequential colour system.
Furthermore, the head-up display comprises the digital
micro mirror device (DMD) comprising an array of micro
mirrors corresponding to pixels of an image to be created.
[0012] As opposed to conventional head-up displays
with TFT imaging, which typically have a low optical ef-
ficiency with TFT transmission rates in the range of 4%
to 5%, the optical efficiency of the head-up display ac-
cording to the invention is considerably increased. Digital
micro mirror devices have an average optical efficiency
of 50% to 60% allowing for global optical system efficien-
cies around 25%, thus dividing the need for the input
optical power of the light sources by a factor of around 5
to 6. Lower input optical power results in lower thermal
dissipation by the light source and hence reduced effort
for cooling and reduced requirements to heat resistance
of the components of the head-up display and surround-
ing components in the mounting location. The head-up
display according to the invention also allows for higher
contrast ratios and thus better readability in all ambient
lighting conditions as well as greater image sizes.
[0013] Anintermediate screen may be arranged in the
optical path for shaping the light reflected from the digital
micro mirror device so as to reproduce the image on the
combiner.

[0014] The intermediate screen may comprise a poly-
mer material, e.g. optical grade polycarbonate, cyclic ole-
fin copolymer or cyclo-olefin polymer. Thus, a less ex-
pensive head-up display may be achieved as opposed
to conventional head-up displays employing glass lenses
for shaping the light.

[0015] The intermediate screen may comprise micro-
structures for shaping the optical path. The micro-struc-
tures may comprise micro-optical lenses arranged inreg-
ular or random/stochastic patterns.

[0016] In an embodiment of the invention at least one
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mirror may be arranged for folding the optical part. This
allows for a compact design of the head-up display in
complex installation situations.

[0017] The combiner and/or the mirror may be made
of glass or of plastics, e.g. optical grade polycarbonate,
cyclic olefin copolymer or cyclo-olefin polymer, in order
to further reduce costs.

[0018] The combiner and/or the mirror may comprise/
comprises an optically effective coating. The coating may
be arranged for enhancing the reflectivity of the combiner
and/or mirror in the visible spectrum. For example, the
reflectivity may be enhanced from 20 % to 95 %, depend-
ing on the product type and the application.

[0019] The combiner may be a windshield of a vehicle
or a separate transparent component arranged or ar-
rangeable in the field of view of the user, e.g. a driver of
the vehicle.

[0020] The head-up display may comprise one or more
fixed combiners or one or more combiners with a me-
chanical tilt which may be manually operated by a user.
Likewise, the head-up display may comprise one or more
drive units or kinematic modules which may electrically,
pneumatically or hydraulically move the combiner or mir-
ror into and out of the field of view. This movement may
be controlled by user operation and/or automatically, e.g.
if important information such as engine problems, low oil
or coolant pressure or level etc. are to be brought to the
user’s attention.

[0021] In an exemplary embodiment a sensor may be
arranged for acquiring ambient light conditions, wherein
the control unit is arranged to adapt a brightness of the
image depending on the ambient light conditions.
[0022] The sensor may have a logarithmic sensitivity
with a fine sensitivity in dark light conditions and a coarse
sensitivity in bright ambient light. This allows for improv-
ing the adaption of the brightness of the head-up display.
[0023] The control unit may be arranged to adapt the
brightness of the image by controlling a power of the light
sources and/or by applying a pulse width modulation to
the digital micro mirror device.

[0024] Further scope of applicability of the present in-
vention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood
that the detailed description and specific examples, while
indicating preferred embodiments of the invention, are
given by way of illustration only, since various changes
and modifications within the spirit and scope of the in-
vention will become apparent to those skilled in the art
from this detailed description.

Brief Description of the Drawings

[0025] The present invention will become more fully
understood from the detailed description given herein-
below and the accompanying drawings which are given
by way of illustration only, and thus, are not limitive of
the present invention, and wherein:
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Figure 1 is a schematic view of a head-up display.

Detailed Description of Preferred Embodiments

[0026] Figure 1 is a schematic view of a head-up dis-
play 1. The head-up display 1 comprises three light sourc-
es 2.1,2.2,,2.3, each one arranged to emit light L in one
of the basic colours red, green or blue, wherein the basic
colour of each light source 2.1, 2.2, 2.3 is different from
the basic colour of the others. Furthermore, the head-up
display 1 comprises a digital micro mirror device 3 com-
prising an array of micro mirrors, wherein the light L of
the light sources 2.1, 2.2, 2.3 is directed onto the digital
micro mirror device 3. Moreover, the head-up display 1
comprises a combiner 4 for displaying animage I. A con-
trol unit 5 is arranged for multiplexing the light sources
2.1,2.2,2.3 so as to sequentially emitlight L thus creating
a field-sequential colour system and for controlling the
digital micro mirror device 3 so as to selectively rotate
the micro mirrors between an on state, where the light L
from the light sources 2.1, 2.2, 2.3 is reflected into an
optical path OP towards the combiner 4 thus creating the
image |, and an off state, where the input light L is re-
flected away from that optical path OP so that it is not
displayed by the combiner 4. The combiner 4 is arranged
in the field of view FOV of a user U, e.g. a driver of a
vehicle or an operator of an aircraft.

[0027] The image | may be created in or on the com-
biner 4 or, as illustrated, reflected by the combiner 4 such
thatthe user U perceives the image | at a distance behind
the combiner 4. In this case the combiner 4, although
basically transparent, is arranged as a mirror, however
with areflectance considerably below totalreflection. The
combiner may be flat, convex, concave or free-form.
[0028] An intermediate screen 6 is arranged in the op-
tical path OP for shaping the light L’ reflected from the
digital micro mirror device 3. For this purpose, the inter-
mediate screen 6 is shaped as a lens or comprises micro-
structures (not illustrated) for shaping the light L’ in the
optical path OP so as to create the image I. The interme-
diate screen 6 may be made of or comprise glass or plas-
tics, e.g. a polymer material.

[0029] A mirror 7 is arranged for folding the optical part
OP. In alternative embodiments the optical path OP may
be folded by more than one mirror 7. The mirror 7 may
be flat, concave or convex in order to adjust the size of
the image I. The mirror 7 or at least one of the mirrors 7
may be arranged to be tilted (not illustrated) for adjusting
the position of the image | within the field of view.
[0030] A sensor 8 is arranged for acquiring ambient
light conditions, wherein the control unit 5 is arranged to
adapt a brightness of the image | depending on the am-
bient light conditions. The sensor 8 may have a logarith-
mic sensitivity.

[0031] The brightness of the image | may be adapted
by adjusting an input power of the light sources 2.1, 2.2,
2.3 thereby controlling the power of the emitted light L
and/or by applying a pulse width modulation to the digital
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micro mirror device 3.

[0032] The combiner 4 and/or the mirror 7 may be
made of plastics or glass and be equipped with an opti-
cally effective coating.

[0033] Adrive unitor kinematic (notillustrated) may be
arranged for selectively moving, e.g. folding the combiner
4 into or out of the field of view FOV.

[0034] In an exemplary embodiment the combiner 4 is
a windshield of a vehicle.

List of References

[0035]
1 head-up display
21 light source

2.2 light source
2.3 light source

3 digital micro mirror device
4 combiner

5 control unit

6 intermediate screen
7 mirror

8 sensor

FOV field of view

| image

L light

L light

OP optical path

U user

Claims

1. Head-up display (1) comprising:

- at least three light sources (2.1, 2.2, 2.3), each
one arranged to emit light (L) with a basic colour
different from the basic colour of the other light
sources (2.1, 2.2, 2.3),

- a digital micro mirror device (3) comprising an
array of micro mirrors, wherein the light (L) of
the light sources (2.1, 2.2, 2.3) is directed onto
the digital micro mirror device (3),

- at least one combiner (4) for displaying an im-
age (I), and

- atleast one control unit (5) for multiplexing the
light sources (2.1, 2.2, 2.3) so as to sequentially
emit light (L) thus creating a field-sequential col-
our system and for controlling the digital micro
mirror device (3) so as to selectively rotate the
micro mirrors between an on state, where the
light (L) from the light sources (2.1, 2.2, 2.3) is
reflected into an optical path (OP) towards the
combiner (4), and an off state, where the light
(L) is reflected away from that optical path (OP).

2. Head-up display (1) according to claim 1, charac-
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10.

1.

12.

13.

14.

terized in that an intermediate screen (6) is ar-
ranged in the optical path (OP) for shaping the light
(L) reflected from the digital micro mirror device (3).

Head-up display (1) according to claim 2, charac-
terized in that the intermediate screen (3) compris-
es a polymer material.

Head-up display (1) according to one of the claims
2 or 3, characterized in that the intermediate screen
(6) comprises micro-structures for shaping the opti-
cal path (OP).

Head-up display (1) according to one of the preced-
ing claims, characterized in that at least one mirror
(7) is arranged for folding the optical part (OP).

Head-up display (1) according to one of the preced-
ing claims, characterized in that the combiner (4)
and/or the mirror (7) comprise/comprises plastics.

Head-up display (1) according to one of the claims
1to 5, characterized in that the combiner (4) and/or
the mirror (7) comprise/comprises glass.

Head-up display (1) according to one of the preced-
ing claims, characterized in that the combiner (4)
and/or the mirror (7) comprise/comprises an optically
effective coating.

Head-up display (1) according to one of the preced-
ing claims, characterized in that the combiner (4)
is atransparent component arranged or arrangeable
in the field of view (FOV) of a user (U).

Head-up display (1) according to claim 9, charac-
terized in that a drive unit is arranged for selectively
moving the combiner (4) into or out of the field of
view (FOV).

Head-up display (1) according to claim 9, charac-
terized in that the combiner (4) is a windshield of a
vehicle.

Head-up display (1) according to one of the preced-
ing claims, characterized in that a sensor (8) is ar-
ranged for acquiring ambient light conditions, where-
in the control unit (5) is arranged to adapt a bright-
ness of the image (I) depending on the ambient light
conditions.

Head-up display (1) according to claim 12, charac-
terized in that the sensor (8) has a logarithmic sen-
sitivity.

Head-up display (1) according to one of the claims
12 or 13, characterized in that the control unit (5)
is arranged to adapt the brightness of the image (1)
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by controlling a power of the light sources (2.1, 2.2,
2.3) and/or by applying a pulse width modulation to
the digital micro mirror device (3).

15. Method for operating a head-up display (1), the 9%
method comprising:

- multiplexing at least three light sources (2.1,
2.2,2.3), each one arranged to emit light (L) with

a basic colour different from the basic colour of 70
the other light sources (2.1, 2.2, 2.3), so as to
sequentially emit light (L) onto a digital micro
mirror device (3) comprising an array of micro
mirrors, thus creating a field-sequential colour
system, 15
- controlling the digital micro mirror device (3)

so as to selectively rotate the micro mirrors be-
tween an on state, where the light (L) from the
light sources (2.1, 2.2, 2.3) is reflected into an
optical path (OP) towards a combiner (4) for dis- 20
playing an image (I), and an off state, where the
input light (L) is reflected away from that optical
path (OP).
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1. claims: 1-7, 9, 11, 15

Head-up display comprising at least three light sources,
each one arranged to emit light with a basic colour
different from the basic colour of the other 1light sources,
a digital micro mirror device comprising an array of micro
mirrors, wherein the light of the light sources is directed
onto the digital micro mirror device, at Teast one combiner
for displaying an image, and at Teast one control unit for
multiplexing the Tight sources so as to sequentially emit
light thus creating a field-sequential colour system and for
controlling the digital micro mirror device so as to
selectively rotate the micro mirrors between an on state,
where the Tight from the light sources is reflected into an
optical path towards the combiner, and an off state, where
the Tight is reflected away from that optical path,

further comprising an intermediate screen arranged in the
optical path for shaping the light reflected from the
digital micro mirror device, said intermediate screen
comprising a polymer material.

2. claim: 8

Head-up display comprising at least three light sources,
each one arranged to emit light with a basic colour
different from the basic colour of the other light sources,
a digital micro mirror device comprising an array of micro
mirrors, wherein the light of the light sources is directed
onto the digital micro mirror device, at least one combiner
for displaying an image, and at Teast one control unit for
multiplexing the Tight sources so as to sequentially emit
light thus creating a field-sequential colour system and for
controlling the digital micro mirror device so as to
selectively rotate the micro mirrors between an on state,
where the Tight from the light sources is reflected into an
optical path towards the combiner, and an off state, where
the Tight is reflected away from that optical path,

wherein the combiner and/or the mirror comprise an optically
effective coating.

3. claim: 10

Head-up display comprising at least three light sources,
each one arranged to emit light with a basic colour
different from the basic colour of the other 1light sources,
a digital micro mirror device comprising an array of micro
mirrors, wherein the light of the light sources is directed
onto the digital micro mirror device, at Teast one combiner
for displaying an image, and at least one control unit for

10
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multiplexing the light sources so as to sequentially emit
light thus creating a field-sequential colour system and for
controlling the digital micro mirror device so as to
selectively rotate the micro mirrors between an on state,
where the Tight from the Tight sources is reflected into an
optical path towards the combiner, and an off state, where
the 1light is reflected away from that optical path,

further comprising a drive unit arranged for selectively
moving the combiner into or out of the field of view.

4. claims: 12-14

Head-up display comprising at least three light sources,
each one arranged to emit light with a basic colour
different from the basic colour of the other light sources,
a digital micro mirror device comprising an array of micro
mirrors, wherein the light of the light sources is directed
onto the digital micro mirror device, at least one combiner
for displaying an image, and at least one control unit for
multiplexing the light sources so as to sequentially emit
light thus creating a field-sequential colour system and for
controlling the digital micro mirror device so as to
selectively rotate the micro mirrors between an on state,
where the light from the 1ight sources is reflected into an
optical path towards the combiner, and an off state, where
the light is reflected away from that optical path,

further comprising a sensor arranged for acquiring ambient
light conditions, wherein the control unit is arranged to
adapt a brightness of the image depending on the ambient
1light conditions.
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